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SUMMARY 

High-Performance Signal Computer for Speech, Sound, 

Graphics and Imaging Applications 
Super Harvard ARchitecture Computer (SHARC®)— 

Four Independent Buses for Dual Data, Instructions, 
and I/O 

32-Bit IEEE Floating-Point Computation Units- 
Multiplier, ALU and Shifter 

1 Megabit On-Chip SRAM Memory and Integrated I/O 
Peripherals— A Complete System-On-A-Chip 

Integrated Multiprocessing Features 

KEY FEATURES 

40 MIPS, 25 ns Instruction Rate, Single-Cycle Instruction 
Execution 

120 MFLOPS Peak, 80 MFLOPS Sustained Performance 

Dual Data Address Generators with Modulo and Bit- 
Reverse Addressing 

Efficient Program Sequencing with Zero-Overhead 
Looping: Single-Cycle Loop Setup 

IEEE J TAG Standard 1149.1 Test Access Port and 
On-Chip Emulation 

240-Lead PQFP Package 



Pin-Compatible with ADSP-21060 (4 Mbit) and 

ADSP-21062 (2 MBit) 
5.0 Volt Operation 
Low Power (Idle 16) Mode 

Flexible Data Formats and 40-Bit Extended Precision 
32-Bit Single-Precision and 40-Bit Extended-Precision 

IEEE Floating-Point Data Formats 
32-Bit Fixed-Point Data Format, Integer and Fractional, 

with 80-Bit Accumulators 

Parallel Computations 

Single-Cycle Multiply and ALU Operations in Parallel with 
Dual Memory Read/Writes and Instruction Fetch 

Multiply with Add and Subtract for Accelerated FFT 
Butterfly Computation 

1024- Point Complex FFT Benchmark: 0.46 ms (18,221 Cycles) 

1 Megabit Configurable On-Chip SRAM 
Dual-Ported for Independent Access by Core Processor 
and DMA 

Configurable as 32K Words Data Memory (32-Bit), 16K 
Words Program Memory (48-Bit) or Combinations of 
Both Up to 1Mbit 



CORE PROCESSOR 



DUAL-PORTED SRAM 




I/O PROCESSOR 



Figure 1. ADSP-21061 Block Diagram 

*SH ARC is a registered trademark of Analog Devices, Inc. 
REV. 
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Off-Chip Memory Interfacing 
4-Gigawords Addressable (32-Bit Address) 
Programmable Wait State Generation, Page-Mode DRAM 
Support 

DMA Controller 
6 DMA Channels 

Background DMA Transfers at 40 MHz, in Parallel with 

Full-Speed Processor Execution 
Performs Transfers Between ADSP-21061 Internal Memory 

and External Memory, External Peripherals, Host 

Processor, or Serial Ports 

Host Processor Interface 

Efficient Interface to 16- and 32-Bit Microprocessors 
Host can Directly Read/ Write ADSP-21061 Internal Memory 



Multiprocessing 

Glueless Connection for Scalable DSP Multiprocessing 
Architecture 

Distributed On-Chip Bus Arbitration for Parallel Bus 

Connect of Up To 6 ADSP-21061s Plus Host 
240 Mbytes/ s Transfer Rate Over Parallel Bus 

Serial Ports 

Two 40 Mbit/s Synchronous Serial Ports 
Independent Transmit and Receive Functions 
3- to 32-Bit Data Word Width 
(ji-Law/A-Law Hardware Companding 
TDM Multichannel Mode 
Multichannel Signaling Protocol 
Enhanced Multiprocessing Features 
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GENERAL NOTE 

T his data sheet represents production released specifications for 
the AD SP-21061 processor for 33 M H z and 40 M H z speed 
grades. T his data sheet also represents preliminary ac specifica- 
tions for the 50 M H z speed grade of the AD SP-21061. 

GENERAL DESCRIPTION 

The AD SP-21061 is a member of the powerful SH ARC® family 
of floating point processors. The SH ARC®— Super Harvard 
ARchitecture Computer— are signal processing microcomputers 
that offer new capabilities and levels of integration and perfor- 
mance. The ADSP-21061 is a 32-bit processor optimized for 
high performance DSP applications. T he ADSP-21061 com- 
bines the AD SP-21000 D SP core with a dual-ported on-chip 
SRAM and an I/O processor with a dedicated I/O bus to form a 
complete system-in-a-chip. 

Fabricated in a high-speed, low-power CMOS process, the 
ADSP-21061 has a 25 ns instruction cycle time operating at 40 
M IPS. With its on-chip instruction cache, the processor can ex- 
ecute every instruction in a single cycle. T able I shows perfor- 
mance benchmarks for the AD SP-21061. 

The AD SP-21061 SHARC® combines a high-performance 
floating-point DSP core with integrated, on-chip system fea- 
tures, including a 1 M bit SRAM memory, host processor inter- 
face, DMA controller, serial ports and parallel bus connectivity 
for glueless DSP multiprocessing. 

Figure 1 shows a block diagram of the AD SP-21061, illustrating 
the following architectural features: 

Computation U nits (ALU , M ultiplier and Shifter) with a 

Shared Data Register File 
D ata A d d ress G en erato rs ( D A G 1 , D A G 2 ) 
Program Sequencer with Instruction Cache 
Interval Timer 
1 Mbit On-Chip SRAM 

External Port for Interfacing to Off-Chip M emory and 

Peripherals 
H ost Port & M ultiprocessor I nterface 
DMA Controller 
Serial Ports 

JTAG Test Access Port 

F igure 2 shows a typical single-processor system. A multi- 
processing system is shown in F igure 3. 



Table I. ADSP-21061 Benchmarks (@ 40 MHz) 



1024-Pt. Complex F FT 


0.46 ms 


18,221 Cycles 


(Radix 4, with D igit Reverse) 




FIR Filter (per Tap) 


25 ns 


1 Cycle 


MR Filter (per Biquad) 


100 ns 


4 Cycles 


D ivide (y/x) 


150 ns 


6 Cycles 


1 nverse Square Root ( 1/Vx) 


225 ns 


9 Cycles 


DMA Transfer Rate 


240 M bytes/s 
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AD SP- 21000 FAMILY CORE ARCHITECTURE 

T he AD SP-21061 includes the following architectural features 
of theADSP-21000 family core. The AD SP-21061 is code and 
function compatible with the ADSP-21060/ADSP-21062. 

Independent, Parallel Computation Units 

The arithmetic/logic unit (ALU ), multiplier and shifter all per- 
form single-cycle instructions. T he three units are arranged in 
parallel, maximizing computational throughput. Single multi- 
function instructions execute parallel AL U and multiplier opera- 
tions. These computation units support IEEE 32-bit single- 
precision floating-point, extended precision 40-bit floating-point 
and 32-bit fixed-point data formats. 
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Figure 2. ADSP-21061 System 
Data Register File 

A general purpose data register file is used for transferring data 
between the computation units and the data buses, and for stor- 
ing intermediate results. T his 10-port, 32-register (16 primary, 
16 secondary) register file, combined with theADSP-21000 
Harvard architecture, allows unconstrained data flow between 
computation units and internal memory. 

Single-Cycle Fetch of Instruction and Two Operands 

The AD SP-21061 features an enhanced H arvard architecture in 
which the data memory (DM) bus transfers data and the pro- 
gram memory (PM ) bus transfers both instructions and data 
(see Figure 1). With its separate program and data memory 
buses and on-chip instruction cache, the processor can simulta- 
neously fetch two operands and an instruction (from the cache), 
all in a single cycle. 



Instruction Cache 

T he ADSP-21061 includes an on-chip instruction cache that 
enables three-bus operation for fetching an instruction and two 
data values. T he cache is selective— only the instructions whose 
fetches conflict with PM bus data accesses are cached. T his 
allows full-speed execution of core, looped operations such as 
digital filter multiply-accumulates and FFT butterfly processing. 

D ata Address G enerators with H ardware C i rcular B uffers 

T he ADSP-21061's two data address generators (DAGs) imple- 
ment circular data buffers in hardware. C ircular buffers allow 
efficient programming of delay lines and other data structures 
required in digital signal processing, and are commonly used in 
digital filters and F ourier transforms. T he AD SP-21061's two 
DAGs contain sufficient registers to allow the creation of up to 
32 circular buffers (16 primary register sets, 16 secondary). The 
DAGs automatically handle address pointer wraparound, reduc- 
ing overhead, increasing performance and simplifying imple- 
mentation. Circular buffers can start and end at any memory 
location. 

Flexible Instruction Set 

T he 48-bit instruction word accommodates a variety of parallel 
operations, for concise programming. For example, theADSP- 
21061 can conditionally execute a multiply, an add, a subtract 
and a branch, all in a single instruction. 

ADSP-21061 FEATURES 

Augmenting theADSP-21000 family core, theADSP-21061 
adds the following architectural features: 

Dual-Ported On-Chip Memory 

T he ADSP-21061 contains 1 megabit of on-chip SRAM , orga- 
nized as two banks of 0.5 M bits each. Each bank has eight 16- 
bit columns with 4K 16-bit words per column. Each memory 
block is dual-ported for single-cycle, independent accesses by 
the core processor and I/O processor or D M A controller. T he 
dual-ported memory and separate on-chip buses allow two data 
transfers from the core and one from I/O, all in a single cycle. 

n the AD SP-21061, the memory can be configured as a maxi- 
mum of 32K words of 32-bit data, 64K words for 16-bit data, 
16K words of 48-bit instructions (and 40-bit data) or combina- 
tions of different word sizes up to 1 megabit. All the memory 
can be accessed as 16-bit, 32-bit or 48-bit. 

A 16-bit floating-point storage format is supported that effec- 
tively doubles the amount of data that may be stored on chip. 
C onversion between the 32-bit floating-point and 16-bit floating- 
point formats is done in a single instruction. 

While each memory block can store combinations of code and 
data, accesses are most efficient when one block stores data, us- 
ing the D M bus for transfers, and the other block stores instruc- 
tions and data, using the PM bus for transfers. U sing the D M 
and PM buses in this way, with one dedicated to each memory 
block, assures single-cycle execution with two data transfers. In 
this case, the instruction must be available in the cache. Single- 
cycle execution is also maintained when one of the data oper- 
ands is transferred to or from off-chip, via the ADSP-21061's 
external port. 
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Off- Chip Memory and Peripherals Interface 

The ADSP-21061's external port provides the processor's inter- 
face to off-chip memory and peripherals. The 4-gigaword off- 
chip address space is included in the ADSP-21061's unified 
address space. T he separate on-chip buses— for program 
memory, data memory and I/O — are multiplexed at the external 
port to create an external system bus with a single 32-bit address 
bus and a single 48-bit (or 32-bit) data bus. The on-chip 
Super H arvard Architecture provides three-bus performance, 
while the off-chip unified address space gives flexibility to the 
designer. 

Addressing of external memory devices is facilitated by on-chip 
decoding of high order address lines to generate memory bank 
select signals. Separate control lines are also generated for sim- 
plified addressing of page-mode DRAM . The ADSP-21061 
provides programmable memory wait states and external memory 
acknowledge controls to allow interfacing to D RAM and peripher- 
als with variable access, hold and disable time requirements. 

Host Processor Interface 

The ADSP-21061's host interface allows easy connection to 
standard microprocessor buses, both 16-bit and 32-bit, with 
little additional hardware required. Asynchronous transfers at 
speeds up to the full clock rate of the processor are supported. 
T he host interface is accessed through the AD SP-21061's exter- 
nal port and is memory-mapped into the unified address space. 
T wo channels of D M A are available for the host interface; code 
and data transfers are accomplished with low software overhead. 

The host processor reques ts the AD SP-21061's e xterna l bus 
with the host bus request (HBR), host bus grant (HBG) and 
ready (REDY) signals. The host can directly read and write the 
internal memory of the ADSP-21061, and can access the DMA 
channel setup and mailbox registers. Vector interrupt support is 
provided for efficient execution of host commands. 

DMA Controller 

The ADSP-21061's on-chip DMA controller allows zero-over- 
head, non-intrusive data transfers without processor interven- 
tion. T he D M A controller operates independently and invisibly 
to the processor core, allowing DMA operations to occur while 
the core is simultaneously executing its program instructions. 

DMA transfers can occur between the ADSP-21061's internal 
memory and either external memory, external peripherals, or a 
host processor. DMA transfers can also occur between the 
AD SP-21061's internal memory and its serial ports. DMA 
transfers between external memory and external peripheral 
devices are another option. External bus packing to 16-, 32- 
or 48-bit words is performed during DMA transfers. 
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Six channels of D M A are available on the AD SP-21061-four 
via the serial ports, and two via the processor's external port (for 
either host processor, other AD SP-21061s, memory or I/O 
transfers). Programs can be downloaded to the AD SP-21061 
using DMA transfers. Asynchronous off-chip peripherals can 
control t wo DMA c hannels using DMA Request/G rant lines 
(DMAR^, DMAGi_ 2 ). Other DM A features include interrupt 
generation upon completion of D M A transfers and D M A chain- 
ing for automatic linked DMA transfers. 

Serial Ports 

T he ADSP-21061 features two synchronous serial ports that 
provide an inexpensive interface to a wide variety of digital and 
mixed-signal peripheral devices. T he serial ports can operate at 
the full clock rate of the processor, providing each with a maxi- 
mum data rate of 40 M bit/s. I ndependent transmit and receive 
functions provide greater flexibility for serial communications. 
Serial port data can be automatically transferred to and from 
on-chip memory via DMA. Each of the serial ports offers TDM 
multichannel mode. 

T he serial ports can operate with little-endian or big-endian 
transmission formats, with word lengths selectable from three 
bits to 32 bits. T hey offer selectable synchronization and trans- 
mit modes as well as optional p.- 1 aw or A-law companding. 
Serial port clocks and frame syncs can be internally or externally 
generated. T he serial ports also include keyword and keymask 
features to enhance interprocessor communication. 

Multiprocessing 

T he ADSP-21061 offers powerful features tailored to multipro- 
cessing D SP systems. T he unified address space allows direct 
interprocessor accesses of each ADSP-21061's internal memory. 
D istributed bus arbitration logic is included on-chip for simple, 
glueless connection of systems containing up to six ADSP-21061s 
and a host processor. M aster processor changeover incurs only 
one cycle of overhead. Bus arbitration is selectable as either 
fixed or rotating priority. Bus lock allows indivisible read-modify- 
write sequences for semaphores. A vector interrupt is provided 
for interprocessor commands. M aximum throughput for inter- 
processor data transfer is 240 M bytes/sec over the external port. 
Broadcast writes allow simultaneous transmission of data to 
all ADSP-21061s and can be used to implement reflective 
semaphores. 

Program Booting 

The internal memory of the AD SP-21061 can be booted at sys- 
tem power-up from either an 8-bit EPROM or a host p rocessor. 
Selection of the boot source is controlled by theBMS (Boot 
M emory Select), E BOOT (EPROM Boot), and LBOOT (Host 
Boot) pins. 32-bi t and 16-bit host processors can be used for 
booting. See the BMS pin in the Pin D escriptions section of this 
data sheet. 
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Figure 3. Multiprocessing System 
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Porting Code from A DSP- 21060 or A DSP- 21062 to the 
ADSP- 21061 

TheADSP-21061 is pin compatible with the ADSP-21060/62. 
The ADSP-21061 pins that correspond to the Link Port pins of 
the ADSP-21060/62 are no-connects. 

TheADSP-21061 is object code compatible with theADSP- 
21060/62 except for the following functional changes: 

TheADSP-21061 memory is organized into two blocks with 

eight columns that are 4K deep per block. The AD SP-21060/ 

ADSP-21062 memory has 16 columns per block. 

Link port functions are not available. 

H andshake external port DMA pins DMAR2 and DMAG2 

are assigned to external port D M A C hannel 6 instead of 

Channel 8. 

2-D DM A capability of the SPORT is not available. 

DMA channels 8 and 9 are not available. 

The modify registers in SPORT DM A are not programmable. 

On theADSP-21061, Block starts at the beginning of internal 
memory, normal word address 0x0002 0000. Block 1 starts at 
the end of Block 0, with contiguous addresses. T he remaining 
addresses in internal memory are divided into blocks that alias 
into Block 1. This allows any code or data stored in Block 1 on 
the ADSP-21062 to retain the same addresses on theADSP- 
21061— these addresses will alias into the actual Block 1 of each 
processor. 

If you develop your application using the ADSP-21062, but will 
migrate to theADSP-21061, use only the first eight columns of 
each memory bank. L imit your application to 8K of instructions 
or up to 16K of data in each bank of the AD SP-21062, or any 
combinations of instructions or data that does not exceed the 
memory bank. 

DEVELOPMENT TOOLS 

TheADSP-21061 is supported with a complete set of software 
and hardware development tools, including an EZ-ICE®ln-Cir- 
cuit E mulator, EZ-K it L ite, and development software. T he 
SH ARC ® EZ-K it L ite* is a complete low cost package for D SP 
evaluation and prototyping. The EZ-K it Lite contains an evalu- 
ation board with an ADSP-21061 (5 V) processor and provides 
a serial connection to your PC . T he EZ-K it L ite also includes 
an optimizing compiler, assembler, instruction level simulator, 
run-time libraries, diagnostic utilities and a complete set of ex- 
ample programs. 

The same EZ-ICE hardware can be used for the AD SP-21060/ 
ADSP-21062, to fully emulate the ADSP-21061, with the excep- 
tion of displaying and modifying the two new SPORT S regis- 
ters. T he emulator will not display these two registers, but 
your code can use them. 



Analog Devices AD SP-21000 Family Development Software in- 
cludes an easy to use Assembler based on an algebraic syntax, 
Assembly Library/Librarian, Linker, instruction-level Simulator, 
an AN SI C optimizing Compiler, theCBug™ C Source— Level 
Debugger and a C Runtime Library including DSP and math- 
ematical functions. T he ptimizing C ompiler includes N umeri- 
cal C extensions based on the work of the AN SI N umerical C 
Extensions G roup. N umerical C provides extensions to the C 
language for array selections, vector math operations, complex 
data types, circular pointers and variably dimensioned arrays. 
T he ADSP-21000 Family Development Software is available for 
both the PC and Sun platforms. 

TheADSP-21061 EZ-IC E®Emulator usesthelEEE 1149.1 
JTAG test access port of theADSP-21061 processor to monitor 
and control the target board processor during emulation. The 
EZ-ICE® provides full-speed emulation, allowing inspection and 
modification of memory, registers, and processor stacks. Nonin- 
trusive in-circuit emulation is assured by the use of the processor's 
JTAG interface— the emulator does not affect target system 
loading or timing. 

F urther details and ordering information are available in the 
ADSP-21000 Family H ardwareand Software Development Tools 
data sheet (AD DS-210xx-TOOLS). This data sheet can be re- 
quested from any Analog D evices sales office or distributor. 

I n addition to the software and hardware development tools 
available from Analog Devices, third parties provide a wide 
range of tools supporting the SH ARC® processor family. H ard- 
ware tools include SH ARC ® PC plug-in cards multiprocessor 
SH ARC® VM E boards, and daughter and modules with mul- 
tiple SH ARC ®s' and additional memory. T hese modules are 
based on theSHARCPAC™ module specification. Third Party 
software tools include an Ada compiler, DSP libraries, operating 
systems and block diagram design tools. 

ADDITIONAL INFORMATION 

T his data sheet provides a general overview of the ADSP-21061 
architecture and functionality. For detailed information on the 
ADSP-21000 Family core architecture and instruction set, refer 
totheADSP-2106xSHARC™ User'sM anual, Second Edition. 
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PIN DESCRIPTIONS 

ADSP-21061 pin definitions are listed below. Inputs identified 
as synchronous (S) must meet timing requirements with respect 
toCLKIN (or with respect to TCK forTM S, TDI). Inputs 
identified as asynchronous (A) ca n be asserted asynchronously 
to CLKIN (ortoTCK forTRST). 

U nused inputs should be tied or pulled to IVDD or IGN D, 
except for ADD R 3 i_ , DATA 47 . , FLAG 3.0, SW and inputs that 
have internal pull-up or pull-down resistors (CPA, ACK, DTx, 



ADSP-21061 



DRx, TCLKx, RCLKx, TM S and TDI)-these pins can beleft 
floating. T hese pins have a logic-level hold circuit that prevents 
the input from floating internally. 

I = Input S = Synchronous P = Power Supply 

(O/D) = Open Drain 0=Output A = Asynchronous 

G = G round (A/D ) = Active D rive 

T = T hree-State (when SBTS is asserted, or when the 
ADSP-2106x is a bus slave) 



PIN FUNCTION DESCRIPTIONS 



Pin 


Type 


Function 


ADDR31-0 


l/O/T 


External Bus Address The ADSP-21061 outputs addresses for external memory and peripherals 
on these pins. In a multiprocessor system the bus master outputs addresses for read/writes of the in- 
ternal memory or IOP registers of other AD SP-2106xs. The ADSP-21061 inputs addresses when a host 
processor or multiprocessing bus master is reading or writing its internal memory or IOP registers. 


DATA47-0 


l/O/T 


External Bus Data. T he AD SP-21061 inputs and outputs data and instructions on these pins. 
T he external data bus transfers 32-bit single-precision floating-point data and 32-bit fixed-point 
data over Bits 47-16. 40-bit extended-precision floating-point data is transferred over Bits 47-8 of 
the bus. 16-bit short word data is transferred over Bits 31-16 of the bus. Pull-up resistors on un- 
used DATA pins are not necessary. 


MS3-0 


OfT 


Memory Select Lines T hese lines are asserted (low) as chip selects for the corresponding banks 
of external memory. M emory bank size must be defined in the ADSP-21061's system control regis- 
ter (SYSC ON ). T he MS3.0 lines are decoded memory address lines that change at the same time as 
the other address lines. When no external memory access is occurring theMS 3 . lines are inactive; 
they are active, however, when a conditional memory access instruction is executed, whether or not 
the condition is true. MS can be used with the PAG E signal to implement a bank of D RAM 
memory (Bank 0). In a multiprocessor system theMS 3 . lines are output by the bus master. 


RD 


l/O/T 


Memory Read Strobe This pin is asserted (low) when the ADSP-21061 reads from external 
memory devices or from the internal memory of other AD SP-21061s. External devices (including 
other ADSP-21061s) must assert RD to read from the ADSP-21061's internal memory. In a multi- 
processor system RD is output by the bus master and is input by all other AD SP-21061s. 


WR 


l/O/T 


Memory Write Strobe This pin is asserted (low) when the ADSP-21061 writes to external 
memory devices or to the internal memory of other AD SP-21061s. External devices must assert 
WRto write to the ADSP-21061's internal memory. In a multiprocessor system WR is output by 
the bus master and is input by all other AD SP-21061s. 


PAGE 


OfT 


DRAM Page Boundary. T he AD SP-21061 asserts this pin to signal that an external D RAM page 
boundary has been crossed. D RAM page size must be defined in the ADSP-21061's memory con- 
trol register (WAIT ). D RAM can only be implemented in external memory Bank 0; the PAG E sig- 

n al ran n n l\/ Ho ar1"i \/a1"orl f nr Rani/ H arroccoc 1 n a m 1 1 11" i nrnroccnr c\/c1"om PAf^F icmi1"mi1"H\/1"ho 
1 Idl Lai 1 Ul II y Uc dLLI VaLcU I Ul D al ll\ u aLLcbbcb. Ill a I MUI U fJI ULcbbUI bybLcl 11 iHOl IbUULpULUyLllc 

bus master. 


ADRCLK 


OfT 


Address Clock for synchronous external memories. Addresses on ADD R 31 . are valid before the 
rising edge of AD RCLK. In a multiprocessing system ADRCLK is output by the bus master. 


SW 


l/O/T 


Synchronous Write Select This signal is used to interface the AD SP-2106x to synchronous 
memory devices (including other AD SP-21061s). T he AD SP-21061 asserts SW (low) to provide 
an early indication of an impending write cycle, which can be aborted if WR is not later asserted 
(e.g. in a conditional write instruction). In a multiprocessor system, SW is output by the bus master 
and is input by all other ADSP-21061s to determine if the multiprocessor memory access is a read 
or write. SW is asserted at the same time as the address output. A host processor using synchronous 
writes must assert this pin when writing to the ADSP-21061(s). 


ACK 


l/O/S 


Memory Acknowledge External devices can deassert AC K (low) to add wait states to an external 
memory access. AC K is used by I/O devices, memory controllers or other peripherals to hold off 
completion of an external memory access. The AD SP-21061 deassertsACK as an output to add 
wait states to a synchronous access of its internal memory. 1 n a multiprocessor system, a slave 
ADSP-21061 deasserts the bus master's ACK input to add wait state) s) to an access of its internal 
memory. T he bus master has a keeper latch on its AC K pin that maintains the input at the level it 
was last driven to. 
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Pin 


Type 


Function 


SBTS 


l/S 


Suspend Bus Three- State External devices can assert SBTS (low) to place the external bus address, 
data, selects, and strobes in a high impedance state for the following cycle. If the ADSP-21061 
attempts to access external memory while SBTS is asserted, the processor will halt and the memory 
access will not be completed until SBTS is deasserted. SBTS should only be used to recover from 
PAGE faults or host processor/ADSP-21061 deadlock. 


IRQ2-0 


l/A 


Interrupt Request Lines. M ay be either edge-triggered or level-sensitive. 


FLAG3.0 


I/O /A 


Flag Pins Each is configured via control bits as either an input or an output. As an input, it can be 
tested as a condition. As an output, it can be used to signal external peripherals. 


TIM EXP 





Timer Expired. Asserted for four cycles when the timer is enabled and TCOU NT decrements to 
zero. 


HBR 


l/A 


Host Bus Request M ust be asserted by a host processor to request control of the AD SP-21061's 
external bus. When HBR is asserted in a multiprocessing system, the ADSP-21061 that is bus master 

1 1 1 1 ' 1 1 J_l 1 1 J_ T TT» /I "T" 1 1 ■ 1 J_| 1 1 1 A r— * ^ r\ 1 f\ 1 1 I 1 II 

will relinquish the bus and assert HBG. To relinquish the bus, the ADSP-21061 places the address, 
data, select, and strobe lines in a high impedance state. HBR has priority over all ADSP-21061 bus 
requests (BR 6 -i) in a multiprocessing system. 


HBG 


I/O 


Host Bus Grant. Acknowledges an HBR bus request, indicating that the host processor may take 
control of the external bus. HBG is asserted (held low) by the AD SP-21061 until HBR is released. 1 n a 
multiprocessing system, HBG is output by the AD SP-21061 bus master and is monitored by all others. 


CS 


l/A 


Chip Select. Asserted by host processor to select the ADSP-21061. 


REDY (O/D) 





Host Bus Acknowledge The ADSP-2106x deasserts REDY (low) to add wait states to an asynchro- 
nous access of its internal memory or IOP registers by a host. Open drain output (O/D) by default; can 
be programmed in AD REDY bit of SYSCO N register to be active drive (A/D ). REDY will only be 
output if the CS and HBR inputs are asserted. 


DMARl 


l/A 


DMA Request 1 (D M A C hannd 7). 


DMAR2 


l/A 


DMA Request 2 (D M A C hannd 6). 


DMAGl 


O/T 


DMA Grant 1 (DM A Channd 7). 


DMAG2 


O/T 


DMA Grant 2 (D M A Channd 6). 


BRe-i 


l/O/S 


Multiprocessing Bus Requests Used by multiprocessing AD SP-21061s to arbitrate for bus master- 
ship. An ADSP-21061 only drives its own BRx line (corresponding to the value of its 1 D 2 _o inputs) and 
monitors all others. 1 n a multiprocessor system with less than six AD SP-21061s, the unused BRx pins 
should be tied high; the processor's own BRx line must not be tied high or low because it is an output. 


ID 2 .o 


1 


Multiprocessing ID. Determines which multiprocessing bus request (BR1-BR6) is used by ADSP- 
21061. ID =001 corresponds to BR1, ID = 010 corresponds to BR2, etc. 1 D = 000 in single-processor sys- 
tems. T hese lines are a system configuration selection which should be hardwired or only changed at reset. 


RPBA 


l/S 


Rotating Priority Bus Arbitration Select When RPBA is high, rotating priority for multiprocessor 
bus arbitration is selected. When RPBA is low, fixed priority is selected. This signal is a system con- 
figuration selection which must beset to the same value on every ADSP-21061. If the value of RPBA is 
changed during system operation, it must be changed in the same CLK IN cycle on every AD SP-21061. 


CPA (O/D) 


I/O 


Core Priority Access Asserting its CPA pin allows the core processor of an ADSP-21061 bus slave 
to interrupt background DMA transfers and gain access to the external bus. CPA is an open drain out- 
put that is connected to all ADSP-2106xs in the system. T he CPA pin has an internal 5 k£2 pull-up 
resistor. If core access priority is not required in a system, the CPA pin should be left unconnected. 


DTx 





Data Transmit (Serial Ports 0, 1). Each DT pin has a 50 k£2 internal pull-up resistor. 


DRx 


1 


Data Receive (Serial Ports 0, 1). Each DR pin has a 50 k£2 internal pull-up resistor. 


TCLKx 


I/O 


Transmit Clock (Serial Ports 0, 1). Each TCLK pin has a 50 k£2 internal pull-up resistor. 


RCLKx 


I/O 


Receive Clock (Serial Ports 0, 1). Each RCLK pin has a 50 k£2 internal pull-up resistor. 
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Pin 


Type 


Function 


TFSx 


I/O 


Transmit Frame Sync (Serial Ports 0, 1). 


RFSx 


I/O 


Receive Frame Sync (Serial Ports 0, 1). 


EBOOT 


1 


EPROM Boot Select When EBOOT is high, theADSP-21061 is configured for booting from an 8- 
bit E PROM . When EBOOT is low, the L BOOT and BMS inputs determine booting mode. See table 
below. T his signal is a system configuration selection which should be hardwired. 


L BOOT 


1 


Link Boot-Must be tied to GND. 


BMS 


l/O/T* 


Boot Memory Select. Output: Used as chip select for boot EPROM devices (when EBOOT = 1, 
LBOOT = 0). In a multiprocessor system, BMS is output by the bus master. Input: When low, indi- 
cates that no booting will occur and that AD SP-21061 will begin executing instructions from external 
memory. See table below. T his input is a system configuration selection which should be hardwired. 

*Three-statable only in EPROM boot mode (when BMS is an output). 

EBOOT LBOOT BMS Booting Mode 

1 Output EPROM (Connect BMS to EPROM chip select.) 
1 (Input) H ost Processor 

(1 nput) N o Booting. Processor executes from external memory. 


CLKIN 


1 


Clock In. External clock input to the ADSP-21061. T he instruction cycle rate is equal to C LK 1 N . 
CLKIN may not be halted, changed, or operated below the specified frequency. 


RESET 


l/A 


Processor Reset Resets the AD SP-21061 to a known state and begins execution at the program 
memory location specified by the hardware reset vector address. T his input must be asserted (low) at 
power-up. 


TCK 


1 


Teste lock (JTAG). Provides an asynchronous clock for JT AG boundary scan. 


TMS 


l/S 


Test Mode Select (JTAG). U sed to control the test state machine. TM S has a 20 k£2 internal pull-up 
resistor. 


TDI 


l/S 


Test Data Input (JTAG). Provides serial data for the boundary scan logic. TDI has a 20 kQ internal 
pull-up resistor. 


T DO 





Test Data Output (JTAG). Serial scan output of the boundary scan path. 


TRST 


l/A 


Test Reset (JTAG). Resets the test state machine. TRST must be asserted (pulsed low) after power- 
up or held low for proper operation of theADSP-21061. TRST has a 20 k£2 internal pull-up resistor. 


EMU 





Emulation Status M ust be connected to theADSP-21061 EZ-ICE® target board connector only. 


ICSA 





Reserved, leave unconnected. 


VDD 


p 


Power Supply nominally +5.0 V dc. (30 pins) 


GND 


G 


Power Supply Return. (30 pins) 


NC 




Do Not Connect Reserved pins which must be left open and unconnected. 
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TARGET BOARD CONNECTOR FOR EZ-ICE® PROBE 

TheADSP-21061 EZ-ICE®* Emulator uses the IEEE 1149.1 
JTAG test access port of the ADSP-21061 to monitor and con- 
trol the target board processor during emulation. The EZ-ICE® 
probe requires the A DSP- 21061's CLKIN, TMS, TCK, 
TRST, TDI, TDO, EMU, and GND signals be made acces- 
sible on the target system via a 14-pin connector (a pin strip 
header) such as that shown in Figure 5. The EZ-ICE® probe 
plugs directly onto this connector for chip-on-board emulation. 
You must add this connector to your target board design if you 
intend to use the ADSP-21061 EZ-ICE®. The length of the 
traces between the connector and the ADSP-21061'sJTAG 
pins should be as short as possible. 





1 


2 




GND 


■ 


■ 


EMU 




3 


4 




KEY (NO PIN) 


X 


■ 


CLKIN (OPTIONAL) 




5 


6 




BTMS 




□1 


TMS 




7 


8 




BTCK 




□1 


TCK 




9 10 




BTRST 




□1 


TRST 




11 


12 




BTDI 




m 


TDI 




13 


14 




GND 


■ 


■ 


TDO 




TOP VIEW 





Figure 5. Target Board Connector For ADSP-21061 EZ-ICE® 
Emulator (j umpers in Place) 



T he 14-pin, 2-row pin strip header is keyed at the Pin 3 location — 
Pin 3 must be removed from the header. T he pins must be 
0.025 inch square and at least 0.20 inch in length. Pin spacing 
should be 0.1 x 0.1 inches. Pin strip headers are available from 
vendors such as 3M , M cK enzie and Samtec. 



T he BT M S, BT C K , BTRST and BT D I signals are provided so 
the test access port can also be used for board-level testing. 
W hen the connector is not being used for emulation, place 
jumpers between the Bxxx pins and the xxx pins. If t he test ac- 
cess port will not be used for board testin g, tie BT RST to G N D 
and tie or pull BTCK up to VP D. The TRST pin must be as- 
serted after power-up (through BTRST on the connector) or 
held low for proper operation of the AD SP-21061. N one of the 
Bxxx pins (Pins 5, 7, 9, 11) are connected on the EZ-ICE® probe. 

TheJTAG signals are terminated on the EZ-ICE® probe as 
follows: 



Signal 



TMS 
TCK 

TRST* 

TDI 
TDO 

CLKIN 



EMU 



Termination 



Driven through 82 £2 Resistor (16 mA/-3.2 mA Driver) 
D riven at 10 M H z through 82 Q. Resistor (16 mA/- 
3.2 mA D river) 

Driven through 82 £2 Resistor (16 mA/-3.2 mA Driver) 

(Pulled Up by On-Chip 20 k£2 Resistor) 

D riven by 82 Q. Resistor (16 mA/-3.2 mA D river) 

OneTTL Load, 92 £2Thevenin Termination 

(160/220) 

OneTTL Load, 92 £2Thevenin Termination 
(160/220) 

4.7 kn. Pull-Up Resistor, OneTTL Load (Open-Drain 
Output from the DSP) 



*TRST is driven low until the EZ-ICE® probe is turned on by the emulator at 
software start-up. After software start-up, TRST is driven high. 

Figure 6 shows JTAG scan path connections for systems that 
contain multiple ADSP-21061 processors. 



OTHER 
JTAG • 
CONTROLLER 



TDI 

EZ-ICE® 
JTAG 
CONNECTOR 

TCK 
TMS 
EMU 
TRST 
TDO 
CLKIN 



ADSP-2106X 
#1 




JTAG 
DEVICE 
(OPTIONAL) 




ADSP-2106X 
#n 


TDI TDO 




TDI TDO 




TDI TDO 






TCK 
TMS 
EMU 
TRST 




TCK 
TMS 

TRST 




TCK 
TMS 
EMU 
TRST 



OPTIONAL 



Figure 6. J TAG Scan Path Connections for Multiple ADSP-21061 Systems. One Driver Through 82 £1 Resistor 
(16 mA/-3.2 mA Driver) (Pulled Up by On-Chip 20 k£l Resistor) 
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C onnecting C L K I N to Pin 4 of the EZ-ICE® header is optional. 
T he emulator only uses CLKIN when directed to perform 
operations such as starting, stopping and single-stepping mul- 
tiple AD SP-21061s in asynchronous manner. If you do not need 
these operations to occur synchronously on the multiple proces- 
sors, simply tiePin 4 of the EZ-ICE® header to ground. 

If synchronous multiprocessor operations are needed and 
CLKIN is connected, clock skew between the multiple ADSP- 
21061 processors and the CLKIN pin on the EZ-ICE®* header 
must be minimal. If the skew is too large, synchronous operations 
may be off by one cycle between processors. For sy nchron ous 
multiprocessor operation T C K , T M S, C L K I N and EMU 



should be treated as critical signals in terms of skew, and should 
be laid out as short as possible on your board. If TCK, T M S 
and CLKIN are driving a large number of AD SP-21061s (more 
than eight) in your system, then treat them as a clock tree using 
multiple drivers to minimize skew. (See Figure 7, JTAG Clock 
T ree, and C lock D istribution in the H igh F requency D esign 
Considerations section of theADSP-2106x User'sM anual.) 

If synchronous multiprocessor operations are not needed (i.e., 
CLKIN is not connected), just use a ppropr iate parallel termina- 
tion on T C K and T M S. T D I , T D , EMU and TRST are not 
critical signals in terms of skew. 



TDI |— 1 
EMU 
TCK 
TMS 
TRST 
TDO 
CLKIN 



TDI 


TDO 




TDI 


TDO 




TDI 


TDO 



: 5kn 



^>- 



TDI 


TDO 




TDI 


TDO 




TDI 


TDO 



; 5kn 



-Or 



•OPEN DRAIN DRIVER OR EQUIVALENT, i.e., 



I E; 



<- 



SYSTEM 
CLKIN 



Figure 7. J TAG Clocktree for Multiple ADSP-21061 Systems 
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ADSP-21061- SPECIFICATIONS 



RECOMMENDED OPERATING CONDITIONS 







K Grade 




Parameter 




Min Max 


Units 


Vdd 


Supply Voltage 


4.75 5.25 


V 


T CASE 


C ase perati n g T em peratu re 


+85 


°c 



See Environmental Conditions section for information on thermal specifications. 



ELECTRICAL CHARACTERISTICS (5 V Supply) 



Parameter 


Test Conditions 


Min 


Max 


Units 


V,H1 


High Level Input Voltage 1 


@ V DD = max 




2.0 


V D d + 0.5 


V 


V,H2 


High Level Input Voltage 2 
Low Level Input Voltage 1 ' 2 


@ V DD = max 




. 1 


vdd t vj. j 


v 

V 


V,L 


@ V DD = min 




-0.5 


0.8 


V 


VOH 


High Level Output Voltage 3 


@ V DD = min, l 0H 


= -2.0 mA 4 


4.1 




V 


Vol 


Low Level Output Voltage 3 


@ V DD = min, l 0L 


= 4.0 mA 4 




0.4 


V 


1 IH 


H igh Level Input C urrent 5 


@ V DD = max, V, N 


= V DD max 




10 


llA 


IlL 


Low Level Input Current 5 


@ V DD =max, Vin 


= 0V 




10 


uA 


1 ILP 


Low Level Input Current 6 


@V DD = max, V| N 


= 0V 




150 


llA 


1 OZH 


T hree-State Leakage C urrent 7 ' 8 ' 9 ' 10 


@ V DD =max, V| N 


= V DD max 




10 


uA 


1 OZL 


T hree-State Leakage C urrent 7 


@ V DD = max, V, N 


= 0V 




10 


uA 


1 OZLC 


T hree-State Leakage C urrent 9 


@ V DD = max, V, N 


= 0V 




1.5 


mA 


1 OZLA 


T hree-State Leakage C urrent 11 


@ V DD = max, V, N 


= 0V 




350 


uA 


1 OZLAR 


T hree-State Leakage C urrent 10 


@ V DD = max, V, N 


= 1.5 V 




4.0 


mA 


1 OZLS 


T hree-State Leakage Current 8 


@ V D d = max, V, N 


= 0V 




150 


uA 


1 D D IN 1 


Supply Current (Internal) 12 


t CK = 25 ns, V DD = 


max, 




850 


mA 


1 DDIN2 


Supply C urrent (1 nternal) 13 


t CK =25 ns, V DD = 


max, 




650 


mA 


1 DDIDLE 


Supply Current (Idle) 14 


V DD = max 






200 


mA 


1 DDIDLE16 


Supply Current (Idlel6) 15 


V DD = max 






50 


mA 


C IN 


Input Capacitance 16 ' 17 


f,N =1MHz,T C ase=25°C V, N = 2.5V 




4.7 


PF 



NOTES 

Applies to input and bidirectional pins: D AT A 47-0, AD PR 31- 0, RD , WR, SW, ACK, SBTS, IRQ2-0, FLAG 3-0, HBG, CS, DMAR1, DMAR2, BR 6 .!, I D 2 -o, RPBA, 
CPA, TFS0, TFS1, RFS0, RF S1, BMS , T M S, T D I, TCK , HBR, D R0, DR1, TCLK 0, TCLK 1, RCLK 0, RCL K 1. 

2 Applies to input pins: CLKIN, RESET, TRST. 

Applies to out put and bidirectional pins: DAT A 47-0, ADDR31-0, MS3-0, RD, WR, PAGE, ADRCLK, S W, A CK, FL AG 3-0, TIM EXP, HBG, REDY, DMAG1, 
DMAG2, BR 6 .!, CPA, DT0, DT 1, TCLK 0, TCL K 1, RCLK 0, RCLK 1, TFS0, TFS1, RFS0, RFS1, BMS, T DO, EMU, ICSA. 
4 See "Output Drive Currents" for typical drive current capabilities. 

5 Appliesto input pins: ACK, SBTS, IRQ2-0, HBR, CS, DMAR1, DMAR2, ID 2-0, RPBA, EBOOT, LBOOT, CLKIN, RESET, TCK. (Note that ACK is pulled up 
internally with 2 kQ. during reset in a multiprocessor system, when ID 2-0 = 001 and another AD SP-2106x is not requesting bus mastership.) 
6 Applies to input pins with internal pull-ups: DR0, DR1, TRST, TM S, T D I . 

'Applies to three-stata ble pin s: DATA47-0, ADDR31-0, MS3-0, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG 3-0, REDY, HBG, DMAG1, DMAG2, BMS, T DO, 
BR 6 -i, TFSx, RFSx, EMU. (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when ID 2-0 = 001 and another AD SP-2106x is 
not requesting bus mastership.) 

"Applies to three-statable pins with internal pull-ups: DT0, DTI, TCLK 0, TCLK 1, RCLK 0, RCLK 1. 
9 Applies to CPA pin. 

"Applies to ACK pin when pulled up. (Note that ACK is pulled up internally with a 2 kP_ during reset in a multiprocessor system, when ID 2-0 = 001 and another 

AD SP-21061 is not requesting bus mastership). 
"Applies to ACK pin when keeper latch enabled. 

12 Applies to Vdd pins. See Power Dissipation section for calculation of external supply current (at EVD D pins) and total supply current. Conditions of operation: Ex- 
ecuting radix- 2 FFT butterfly with instruction in cache, one data operand accessed from each internal memory block, and one DM A transfer occurring from/to in- 
ternal memory at t C K = 30 ns, I ddin = 750 mA max. 

"Applies to Vdd pins. See Power Dissipation section for calculation of external supply current (at EVD D pins) and total supply current. Conditions of operations: Ex- 
ecuting radix-2 FFT butterfly with instruction in cache, one data operand fetched from each memory block, memory at tec = 30 ns, I D din2 = 540 mA max. 

"Applies to Vdd pins. Idle denotes AD SP-21061 state during execution oflDLE instruction. 

"Applies to Vdd pins. Idle 16 denotes ADSP-21061 state during execution of I D L E 16 instruction. 

"Applies to all signal pins. 

17 G uaranteed but not tested. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 



Supply Voltage -0.3 V to +7.0 V 

I nput Voltage -0.5 V to V DD + 0.5 V 

Output Voltage Swing -0.5 V to V DD + 0.5 V 

Load Capacitance 200 pF 

Junction Temperature U nder Bias 130°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (5 seconds) +280°C 



♦Stresses greater than those listed above may cause permanent damage to the 
device. These are stress ratings only; functional operation of the device at these or 
anyotherconditionsgreaterthan those indicated in the operational sectionsof this 
specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



TIMING SPECIFICATIONS 

GENERAL NOTES 

This data sheet represents production released specifications for 
theADSP-21061 processor for 33 MHz and 40 M Hz speed 
grades. T his data sheet also represents preliminary ac specifica- 
tions for the 50 M Hz speed grade of theADSP-21061. 

T he specifications shown are based on a C L K I N frequency of 
40 M H z (t CK = 25 ns). T he DT derating allows specifications at 
other CLKIN frequencies (within the min-max range of thet C K 
specification; see Clock Input below). DT is the difference be- 
tween the actual CLKIN period and a C L K I N period of 25 ns: 

DT =t CK - 25 ns 

U se the exact timing information given. Do not attempt to 
derive parameters from the addition or subtraction of others. 
While addition or subtraction would yield meaningful results for 
an individual device, the values given in this data sheet reflect 
statistical variations and worst cases. Consequently, you cannot 
meaningfully add parameters to derive longer times. 
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See F igure 28 under T est C onditions for voltage reference 
levels. 

Switching Characteristics specify how the processor changes its 
signals. You have no control over this timing— circuitry external 
to the processor must be designed for compatibility with these 
signal characteristics. Switching characteristics tell you what the 
processor will do in a given circumstance. You can also use switch- 
ing characteristics to ensure that any timing requirement of a de- 
vice connected to the processor (such as memory) is satisfied. 

Timing Requirements apply to signals that are controlled by cir- 
cuitry external to the processor, such as the data input for a 
read operation. T iming requirements guarantee that the proces- 
sor operates correctly with other devices. 

(O/D) = Open Drain 

(A/D) = Active Drive 



ESD SENSITIVITY 

T heAD SP-2106x processors are ESD (electrostatic discharge) sensitive devices. Electro- 
static charges readily accumulate on the human body and equipment and can discharge 
without detection. Permanent damage may occur to devices subjected to high energy 
electrostatic discharges. 

TheADSP-21061 processors include proprietary ESD protection circuitry to dissipate 
high energy discharges. Per method 3015 of M IL-STD-883, theAD SP-2106x processors 
have been classified as a C lass 2 device. 

Proper ESD precautions are recommended to avoid performance degradation or loss of 
functionality. U nused devices must be stored in conductive foam or shunts, and the foam 
should be discharged to the destination socket before devices are removed. 
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50MHz* 


40MHz 


33.3MHz 




Parameter 


Min 

i v i i n 


May 


Min 

i*i in 


M clX 


Min 

1*1 in 


May 
1*1 dA 


Units 


Clock Input 
















Timing Requirements: 
















tcK CLKIN Period 


20 


100 


25 


100 


30 


100 


ns 


t CKL CLKIN Width Low 


7 




7 




7 




ns 


t CKH CLKIN Width High 


5 




5 




5 




ns 


tcKRF CLKIN Rise/Fall (0.4V-2.0V) 




3 




3 






ns 



*50 M H z specifications are preliminary. 



CLKIN 



V 



Figure 8. Clock Input 



Parameter 


Min 


Max 


Units 


Reset 








Timing Requirements: 

t WRST RESET Pulse Width Low 1 

t 5RST RESET Setup Before CLKIN High 2 


4t CK 

14 + DT/2 


tcK 


ns 
ns 



NOTES 

Applies after the power-up sequence is complete. At power-up, the processor's internal phase-locked loop requires no more than 2000 CLKIN cycles while RESET is 
low, assuming stable V DD and CLKIN (not including start-up time of external clock oscillator). 

2 Only required if multiple AD SP-2106xs must come out of reset synchronous to CLKIN with program counters (PC) equal (i.e., for a SIM D system). Not required 
for multiple A DSP-2106xs communicating over the shared bus (through the external port), because the bus arbitration logic automatically synchronizes itself after reset. 



CLKIN 



RESET 



f 



-#-t„ 



f 



Figure 9. Reset 



Parameter Min Max Units 



Interrupts 

Timing Requireme nts: 

t S i R IRQ2-0 Setup Before CLKIN High 1 18 + 3DT/4 ns 

t H | R IRQ2-0 Hold Before CLKIN High 1 12 + 3DT/4 ns 

t| PW IRQ2-0 Pulse Width 2 2+t CK ns 



NOTES 

: Only required for IRQx recognition in the following cycle. 
2 Appliesonlyift S | R and t H ir requirements are not met. 




Figure 10. Interrupts 
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Timer 

Switching Characteristics: 
t DTE x CLKIN High toTIM EXP 



CLKIN 



TIMEXP 



JT 



v r 



A / \ / V 



I v_ 



Figure 11. Timer 



Parameter 



Min 



Max 



Units 



Flags 

Timing Requirements: 

t SF i FLAG3-0| N Setup Before CLKIN High 1 

t HF i FLAG3-0| N Hold After CLKIN High 1 

t DWRF | F LAG 3-0| N Delay After RD/WR Low 1 

t HF i W R F LAG 3-0| N H old After RD/WR D easserted 1 

Switching Characteristics: 

t DF0 FLAG3-0out Delay After CLKIN High 

t HF0 FLAG3-0out Hold After CLKIN High 

t DF0E CLKIN High to FLAG2-0 ut Enable 

to pod CLKIN High to FLAG2-0 out Disable 



8 + 5DT/16 
0- 5DT/16 





5 + 7DT/16 



16 



14 



ns 
ns 
ns 
ns 



ns 
ns 
ns 
ns 



NOTE 

J F lag inputs meeting these setup and hold times will affect conditional instructions in the following instruction cycle. 



CLKIN 



/ \ / — V 



FLAG3-0 o 



CLKIN 



FLAG3-0| N 



r 



- tDFOD 



FLAG OUTPUT 



J V 



r 



RD, WR 



V 



r 

j 



FLAG INPUT 



Figure 12. Flags 
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Memory Read— Bus Master 

U se these specifications for asynchronous interfacing to memo- 
ries (and memory- mapped peripherals) without reference to 
CLKIN. These specifications apply when the ADSP-21061 is 
the bus master accessing external memory space. T hese switching 



characteristics also apply for bus master synchronous read/write 
timing (see Synchronous Read/Write - Bus M aster, below). If 
these timing requirements are met, the synchronous read/write 
timing can be ignored (and vice versa). 



Parameter 



Min 



Max 



Units 



Timing Requirements: 



^DAD 
^DRLD 
DA 
tHDRH 

Wak 

^DSAK 



Address, Selects Delay to Data Valid 1 ' 2 
RD Low to Data Valid 1 
Data H old from Address, Selects 3 
Data Hold from RD High 3 
ACK Delay from Address, Selects 4 
ACK Delay from RD Low 4 



Switching Characteristics: 



^drha 
Wrl 

tRW 

^RWR 

tsADADC 



Address, Selects H old After RD H igh 
Address, Selects to RD Low 2 

RD Pulse Width 

RD H igh to WR, RD, DMAGx Low 
Address, Selects Setup Before AD RCLK H igh 2 



0.5 
2.0 



+ H 

2 + 3DT/8 
12.5 + 5DT/8 +W 
8 + 3DT/8 + HI 
O + DT/4 



18 + DT + W 
12 + 5DT/8 +W 



15 + 7DT/8 +W 
8 + DT/2 +W 



ns 
ns 
ns 
ns 
ns 
ns 



ns 
ns 
ns 
ns 
ns 



W = (number of wait states specified in WAIT register) x t CK 

HI =t CK (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI =0). 
H = t CK (if an address hold cycle occurs as specified in WAIT register; otherwise H =0). 

NOTES 

: Data Delay/Setup: User must meet t DAD or t DRLD or synchronous spec t SSDAT |. 
2 T he falling edge of MSx, SW, and BMS is referenced. 

3 Data Hold: User must meet t HDA or t HDRH or synchronous spec t HSDAT |. See System H old Time Calculation under Test Conditions for the calculation of hold times 
given capacitive and dc loads. 

"ACK Delay/Setup: User must meet t DAAK or t DSAK or synchronous specification t SACKC for deassertion of ACK (Low), all three specifications must be met for asser- 
tion of ACK (High). 



ADDRESS 
MSx, SW 
BMS 



RD 



- tDARL" 



' tDRHA 
tf- 



tHDRH - 



— m 



ACK 



WR, DMAG 



ADRCLK 
(OUT) 



r 

J 



\ 



Figure 13. Memory Read— Bus Master 
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Memory Write— Bus Master 

U se these specifications for asynchronous interfacing to memo- 
ries (and memory-mapped peripherals) without reference to 
CLKIN . These specifications apply when the ADSP-21061 is 
the bus master accessing external memory space. T hese switching 
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characteristics also apply for bus master synchronous read/write 
timing (see Synchronous Read/Write- Bus M aster). If these tim- 
ing requirements are met, the synchronous read/write timing 
can be ignored (and vice versa). 



Parameter 


Min 


Max 


Units 


Timing Requirements: 








tDAAK 


ACK Delay from Address, Selects 1 ' 2 




15 + 7DT/8 +W 


ns 


tDSAK 


ACK D elay from WR Low 1 




s -i- n t n _i_\a/ 

t U 1 jL TvV 


n c 
lib 


Switching Characteristics: 








tDAWH 


Address, Selects to WR D easserted 2 


17 + 15DT/16 +W 




ns 


tDAWL 


Address, Selects to WR L ow 2 


3 + 3DT/8 




ns 


tww 


WR Pulse Width 


13 + 9DT/16 +W 




ns 


tDDWH 


Data Setup before WR High 


7 + DT/2 +W 




ns 


tDWHA 


Address H old after WR D easserted 


1 + DT/16 + H 




ns 


tDATRWH 


D ata D isable after WR D easserted 3 


1 + DT/16 + H 


6 + DT/16 + H 


ns 


twWR 


WR H igh to WR RD, DMAGx Low 


8 + 7DT/16 + H 




ns 


tDDWR 


D ata D isable before WR or RD L ow 


5 + 3DT/8 + 1 




ns 


twDE 


WRLow to Data Enabled 


-1 + DT/16 




ns 


tsADADC 


Address, Selects to AD RCLK High 2 


+ DT/4 




ns 



W = (number of wait states specified in WAIT register) xt C K- 

H = tcK (if an address hold cycle occurs, as specified in WAIT register; otherwise H =0). 
I = t C K (if a bus idle cycle occurs, as specified in WAIT register; otherwise I =0). 

NOTES 

: ACK Delay/Setup: User must meet t D AAK or t D sAK or synchronous specification t Sfl cKc for deassertion of ACK (Low), all three specifications must be met for asser- 
tion of ACK (H igh) 

2 T he falling edge of MSx, SW, and BMS is referenced. 

3 See System H old Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads. 



ADDRESS 
MSx,SW 
BMS 



WR 



DATA 



ACK 



RD , DMAG 



ADRCLK 
(OUT) , 



" tDAWH" 



■ t DAWL ~ 



- tww- 



" twDE" 



m 



- tDDWH" 



l WWR 

tDDWR" 



tsADADC 



\ 



I 



Figure 14. Memory Write— Bus Master 
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Synchronous Read/Write— Bus Master 

U se these specifications for interfacing to external memory sys- 
tems that require CLKIN — relative timing or for accessing a 
slave AD SP-21061 (in multiprocessor memory space). These 
synchronous switching characteristics are also valid during asyn- 
chronous memory reads and writes (see M emory Read— Bus 
M aster and M emory W rite— B us M aster) . 



When accessing a slave AD SP-2106x, these switching character- 
istics must meet the slave's timing requirements for synchronous 
read/writes (see Synchronous Read/Write— Bus Slave). The 
slave AD SP-21061 must also meet these (bus master) timing 
requirements for data and acknowledge setup and hold times. 



Parameter 


Min 


Max 


Units 


Timing Requirements: 








tsSDATI 


Data Setup Before CLKIN 


2 + D T 18 




ns 


tHSDATI 


Data Hold After CLKIN 


3.5 - DT/8 




ns 


tDAAK 


ACK Delay After Address, MSx, SW, BMS 1 * 2 




14 + 7 DT/8 + W 


ns 


tsACKC 


ACK Setup Before CLKIN 2 


6.5 + DT/4 




ns 


tHACKC 


ACK Hold After CLKIN 


-1 - DT/4 




ns 


Switching Characteristics: 








tDADRO 


Address, MSx, BMS, SW D elay After CLKIN 1 




7- DT/8 


ns 


tHADRO 


Address, MSx, BMS, SW H old After CLKIN 


-1- DT/8 




ns 


tDPGC 


PAGE Delay After CLKIN 


9 + DT/8 


16 + DT/8 


ns 


tDRDO 


RDHigh Delay After CLKIN 


-1.5- DT/8 


4- DT/8 


ns 


tDWRO 


WRHigh Delay After CLKIN 


-2.5- 3DT/16 


4- 3DT/16 


ns 


tDRWL 


RD/WR. L ow D elay After CLKIN 


8 + DT/4 


12 + DT/4 


ns 


tsDDATO 


Data Delay After CLKIN 




19 + 5DT/16 


ns 


tDATTR 


Data Disable After CLKIN 3 


0- DT/8 


7- DT/8 


ns 


tDADCCK 


ADRCLK Delay After CLKIN 


4 + DT/8 


10 + DT/8 


ns 


tADRCK 


ADRCLK Period 


tcK 




ns 


tADRCKH 


ADRCLK Width High 


(tcK/2-2) 




ns 


^ADRCKL 


ADRCLK Width Low 


(W2-2) 




ns 



W = (number of Wait states specified in WAIT register) xt CK . 
NOTE 

: ACK Delay/Setup: User must meet t DAAK or t DSAK or synchronous specification t SflCKC for deassertion of ACK (Low), all three specifications must be met for assertion 
of ACK (High) ______ 

2 T he falling edge of MSx, SW, and BMS is referenced. 

3 See System H old Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads. 



-20- 



REV. 



ADSP-21061 



CLKIN 
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SW 



J. 



PAGE 



ACK 
(IN) 



s 



READ CYCLE 



DATA 
(IN) 



WRITE CYCLE 



DATA 
(OUT) 



7" 



f 



«-ls 



-fiffi 



" tnwRO - *' 



' tDATTR " 



Figure 15. Synchronous ReadA/Vrite—Bus Master 
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Synchronous Read/Write— Bus Slave memory space). T he bus master must meet these (bus slave) 

U se these specifications for AD SP-21061 bus master accesses of timing requirements, 
a slave's IOP registers or internal memory (in multiprocessor 



Parameter 


Min 


Max 


Units 


Timing Requirements: 








tsADRI 


Address, SW Setup Before CLK IN 


14 + DT/2 




ns 


tHADRI 


Address, SWHold Before CLKIN 




5 + DT/2 


ns 


tsRWLI 


RD/WRLow Setup Before CLK IN 1 


H R -I- RnT/lfi 

O.J T JU 1 /10 




ns 


tHRWLI 


RD/WR L ow H old After CLKIN 


-4 - 5DT/16 


8 + 7DT/16 


ns 


tRWHPI 


RD/WR Pulse High 


3 




ns 


tsDATWH 


Data Setup BeforeWRHigh 


3 




ns 


tHDATWH 


D ata Hold After WR High 


1 




ns 


Switching Characteristics: 








tsDDATO 


Data Delay After CLKIN 




19 + 5DT/16 


ns 


tDATTR 


Data Disable After CLKIN 2 


0- DT/8 


7 - DT/8 


ns 


tDACKAD 


ACK Delay After Address, SW 3 




8 


ns 


tACKTR 


ACK Disable After CLKIN 3 


-1- DT/8 


6- DT/8 


ns 



NOTES 

^srwli (min) = 8.5 + 5DT/16 when M uniprocessor M emory Space Wait State (M M SWS bit in WAIT register) is disabled; when M M SWS is enabled, t srwli (min) 
= 4 + DT/8. 

2 See System H old Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads. 

^dackad is true only if the address and SW inputs have setup times (beforeCLKIN) greater than 10 + DT/8 and less than 19 + 3DT/4. If the address and SW inputs have 
setup times greater than 19 + 3DT/4, then ACK is valid 14 + DT/4 (max) after CLKIN . A slave that sees an address with an M field match will respond with ACK 
regardless of the state of M M SWS or strobes. A slave will three-state ACK every cycle with t ACKT R. 
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Figure 16. Synchronous ReadAN rite— Bus Slave 
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Multiprocessor Bus Request and Host Bus Request 

U se these specifications for passing of bus mastership between 
multip r ocess ing AD SP-21061s (BRx) or a host processor 
(HBR, HBG). 



Parameter 


Min 
1*1 in 


Mav 
l v laX 


units 


Timing Requirements: 








tHBGRCSV 


HBG L o w to RD/WR/CS Valid 1 




20+ 5DT/4 


ns 


tsHBRI 


HBR Setup Before CL KIN 2 


1A i in T i A 

20 + 3DT/4 




ns 


^HHBRI 


HBR Hold Before CL KIN 2 




1 A i T IA 


ns 


tsHBGI 


HBG Setup Before CLKIN 


13 + D T 12 




ns 


th H BGI 


HBG Hold Before CLKIN High 




c i n t /i 

6 + D T 12 


ns 


tsBRI 


BRx, CPA Setup Before CLKIN 3 


13 + D T 12 




ns 


thHBRI 


BRx, CPA Hold Before CLKIN High 




C i P> T /"I 

6 + D T 12 


ns 


tsRPBAI 


RPBA Setup Before CLKIN 


20 + 3DT/4 




ns 


^HRPBAI 


RPBA Hold BeforeCLKIN 




12 + 3DT/4 


ns 


Switching Characteristics: 








tDHBGO 


HBG Delay After CLKIN 




7- DT/8 


ns 


H BGO 


HBG Hold After CLKIN 


-2 - DT/8 




ns 


^DBRO 


BRx Delay After CLKIN 




5.5 - DT/8 


ns 


^HBRO 


BRx Hold After CLKIN 


-2 - DT/8 




ns 


tDCPAO 


CPA Low Delay After CLKIN 




6.5 - DT/8 


ns 


tTRCPA 


CPA Disable After CLKIN 


-2 - DT/8 


4.5 - DT/8 


ns 


^DRDYCS 


REDY (O/D) or (A/D) Low from CS and HBR Low 4 




8.5 


ns 


^TRDYHG 


REDY (O/D) Disable or REDY (A/D) High from HBG 4 


44 + 27DT/16 




ns 


^ARDYTR 


REDY (A/D) Disable from CS or HBR High 4 




10 


ns 



NOTES _ 

: For first asynchronous access after HBR and CS asserted, ADDR 31-0 must be a non-M M S value 1/2 t CK before RD or WR goes low or by t H bgrcsv ^fter HBG goes 
low. This is easily accomplished by driving an upper address signal high when HBG is asserted. SeetheHost Processor Control of the AD SP-2106x section in the 
ADSP-2106x SH ARC™ User's M anual, Second Edition. 

2 Only required for recognition in the current cycle. 

3 CPA assertion must meet the setup to C L K I N ; deassertion does not need to meet the setup to C L K I N . 
4 (0/D) =open drain, (A/D) = active drive. 
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Figure 17. Multiprocessor Bus Request and Host Bus Request 
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Asynchronous Read/Write— Host to ADSP- 21061 

U se these specifications for asynchronous host processor access es 
of an ADSP -2106 1, after the host has asserted CS and HBR 
(low). After HBG is returned by the ADSP-21061, the host can 



drive the RD and WR pins to access the AD SP-21061's internal 
memory or IOP registers. H BR and H BG are assumed low for 
this timing. 



Parameter 


Min 


Max 


Units 


Read Cycle 










Timing Requirements: 








tsADRDL 


Address Setup/CS Low Before RD Low 1 







ns 


tHADRDH 


Address Hold/CS Hold Low After RD 


o 




ns 


twRWH 


RD/WRH igh Width 


6 




ns 


tDRDHRDY 


RD H igh D elay After RE DY (O/D) Disable 







ns 


tDRDHRDY 


RD High Delay After REDY (A/D) Disable 


o 




ns 


Switching Characteristics: 








tsDATRDY 


Data Valid Before REDY Disable from Low 


2 




ns 


tDRDYRDL 


REDY (O/D) or (A/D) Low D elay After RD Low 




10 


ns 


tRDYPRD 


REDY (O/D) or (A/D) Low Pulse 










Width for Read 


45 + DT 




ns 


tlHDARWH 


Data Disable After RD High 


2 


8 


ns 


Write Cycle 










Timing Requirements: 








tsCSWRL 


CS Low Setup Before WRlow 


o 






tHCSWRH 


CS Low Hold After WR high 


o 






tsADWRH 


Address Setup Before WR High 


5 




ns 


tHADWRH 


Address Hold After WRHigh 


2 




1 13 


t\A/WRL 


WR Low Width 


7 




ns 


twRWH 


RD/WRH igh Width 


6 




ns 


^DWRHRDY 


WRHigh Delay After REDY 










(O/D) or (A/D) Disable 







ns 


tsDATWH 


Data Setup BeforeWRHigh 


3 




ns 


^HDATWH 


Data Hold After WRHigh 


1 




ns 


Switching Characteristics: 








^DRDYWRL 


REDY (O/D) or (A/D) Low Delay 










After WR/CS Low 




10 


ns 


^RDYPWR 


REDY (O/D) or (A/D) Low Pulse 










Width for Write 


15 




ns 


tsRDYCK 


REDY (O/D) or (A/D) Disable to CLKIN 


1 + 7DT/16 


8 + 7DT/16 


ns 



NOTE 

x Not required if RD and address are valid t HBGRCSV after HBG goes low. For first access after HBR asserted, ADD R 31-0 must be a non-M M S value 1/2 t CLK before 
RD or WR goes low or by t HBGRCSV after HBG goes low. This is easily accomplished by driving an upper address signal high when HBG is asserted. See the Host Pro- 
cessor Control of the AD SP-2106x section in the ADSP-2106x SH ARC™ User's M anual. 
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REDY (O/D) 



REDY (A/D) 
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O/D = OPEN DRAIN, A/D = ACTIVE DRIVE 

Figure 18a. Synchronous REDY Timing 
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Figure 18b. Asynchronous ReadAN rite— Host to ADSP-2106x 



REV. 



-27- 



ADSP- 21061 



Three- State Timing— Bus Master, Bus Slave, HBR, SETS 

T hese specifications show how the memory interface is disabled 
(stops d riving) or enabled (resumes driving) relative to C L K I N 
and the SBTS pin. T his timing is applicable to bus master tran- 
siti on cycl es (BTC) and host transition cycles (HTC) as well as 
the SBTS pin. 



Parameter 


Min 


Max 


Units 


Timing Requirements: 








tsTSCK 


SBTS Setup Before CLK IN 


12 + D T 12 




ns 


tmscK 


SBTS Hold Before CLK IN 




6 + D T 12 


ns 


Switching Characteristics: 








t|w| IENA 


Address/Select Enable After CLK IN 


-1 - DT/8 




ns 


t|M IENS 


Strobes Enable After CLK IN 1 


-1.5- DT/8 




ns 


tMIENHG 


HBG Enable After CLK IN 


-1.5- DT/8 




ns 


t|Y| ITRA 


Address/Select D isable After C L K 1 N 




0- DT/4 


ns 


t|M ITRS 


Strobes Disable After CLKIN 1 




1.5 - DT/4 


ns 


tM ITRHG 


HBG Disable After CLK IN 




2.0- DT/4 


ns 


tD AT EN 


Data Enable After CLKIN 2 


9 + 5DT/16 




ns 


tDATTR 


Data Disable After CLKIN 2 


0- DT/8 


7 - DT/8 


ns 


tACKEN 


ACK Enable After CLKIN 2 


7.5 +DT/4 




ns 


tACKTR 


ACK Disable After CLKIN 2 


-1- DT/8 


6- DT/8 


ns 


tADCEN 


ADRCLK Enable After CLKIN 


-2 - DT/8 




ns 


tADCTR 


ADRCLK Disable After CLKIN 




8- DT/4 


ns 


tMTRHBG 


M emory 1 nterface Disable Before HBG Low 3 


O + DT/8 




ns 


ENHBG 


M emory 1 nterface E nable After HBG H igh 3 


19 + DT 




ns 



NOTES _ 

Strobes = RD, WR, MSx, SW, PAG E, DMAG, BMS. 

2 I n addition to bus master transition cycles, the se specs als o apply to bus m as ter an d bus slave synchronous read/write. 
3 M emory Interface = Address, RD, WR, MSx, SW, HBG, PAGE, DMAGx, BMS (in EPROM boot mode). 
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CLKIN 



J 



SBTS 



MEMORY 
INTERFACE 



ACK 



ADRCLK 



" tDATEN " 



\ 



Jr 



\ 



llMITRA, tlHITRS, Imitrhg 



" t ACKTR - *• 



•adctr 



HBG 



MEMORY 
INTERFACE ' 



MEMORY INTERFACE = ADDRESS, RD, WR, MSx, SW, HBG, PAGE, DMAGx. BMS (IN EPROM BOOT MODE) 



5 



Figure 19. Three-State Timing 
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DMA Handshake 

T hese specifications describe the three DMA handshake modes. 
In all three modes D M AR is used to initiate transfers. For hand- 
shake mode, D M AG controls the latching or enabling of data 
externally. For external handshake mode, the data transfer is 
controlled by theA DDR31-0, RD, WR, SW, PAGE, MS3-0, 
ACK and DMAG signals. For Paced M aster mode, the data 



transfer is controlle d by AD D R31-0, RD, WR, MS3-0 and 
ACK (not DMAG). For Paced M aster mode, the M emory 
Read-Bus M aster, M emory Write- Bus M aster, and Synchro- 
nous Read/W rite -Bus M a ster timing specifications for 
ADDR31-0, RD, WRTMS3-0, SW, PAGE, DATA47-0 and 
ACK also apply. 



Parameter 


Min 


Max 


Units 


Timing Requirements: 








tsDRLC 


DMARx Low Setup Before CL KIN 1 


5 




ns 


tsDRHC 


DMARx H igh Setup Before CL KIN 1 


5 




ns 


t\/VDR 


DMARx Width Low (N onsynchronous) 


6 




ns 


tsDATDGL 


D ata Setup After DMAGx Low 2 




10 + 5DT/8 


ns 


DATIDG 


D ata H old After DMAGx H igh 


2 




ns 


Wtdrh 


D ata Valid After DMARx H igh 2 




16 + 7DT/8 


ns 


^DMARLL 


DMARx Low Edge to Low Edge 


23 + 7DT/8 




ns 


^DMARH 


DMARx Width High 


6 




ns 


Switching Characteristics: 








^DDGL 


DMAGx L ow D el ay After C L K 1 N 


J T U 1 /4 


i r + n t ia 


n c 
1 lb 


twDGH 


DMAGx H igh Width 


6 + 3DT/8 




ns 


twDGL 


DMAGx Low Width 


12 + 5DT/8 




ns 


tHDGC 


DMAGx H igh D elay After C L K 1 N 


-2 - DT/8 


6- DT/8 


ns 


Wdgh 


Address Select Valid to DMAGx H igh 


17 + DT 




ns 


^DDGHA 


Address Select H old to DMAGx H igh 


-0.5 




ns 


tvDATDGH 


D ata Valid Before DMAGx H igh 3 


8 + 9DT/16 




ns 


WtRDGH 


D ata D isable After DMAGx H igh 4 





7 


ns 


^DGWRL 


WR L ow B efore DMAGx Low 





2 


ns 


^DGWRH 


DMAGx Low Before WR H igh 


10 + 5DT/8 + W 




ns 


^DGWRR 


WR H igh Before DMAGx H igh 


1 + DT/16 


3 + DT/16 


ns 


tpGRDL 


RD Low Before DMAGx Low 





2 


ns 


WdGH 


RD Low Before DMAGx H igh 


11 + 9DT/16 +W 




ns 


tGRDR 


RD H igh Before DMAGx H igh 





3 


ns 


^DGWR 


DMAGx H igh to WR, RD, DMAGx Low 


5 + 3DT/8 + HI 







W = (number of wait states specified in WAIT register) xt CK . 

H I = tc K (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI =0). 
NOTES 

: Only required for recognition in the current cycle. 

^sdatdgl is the data setup requirement if DMARx is not being used to hold off completion of a write. Otherwise, if DMARx low holds off completion of the write, the 
data can be driven t DATDRH after DMARx is brought high. 

\datdgh is valid if DMARx is not being used to hold off completion of a read. If DMARx is used to prolong the read, then t VDATDGH = 8 + 9DT/16 + (n x t CK ) where 
n equals the number of extra cycles that the access is prolonged. 

4 See System H old Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads. 
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CLKIN 



DMARx 



DMAGx 



1L 



TRANSFERS BETWEEN ADSP-2106x INTERNAL MEMORY AND EXTERNAL DEVICE 



DATA (FROM 
ADSP-2106XTO 
EXTERNAL DRIVE) 




DATA (FROM 
EXTERNAL DRIVE 
TO ADSP-2106X) 



TRANSFERS BETWEEN EXTERNAL DEVICE AND EXTERNAL MEMORY* (EXTERNAL HANDSHAKE MODE) 



WR 

(EXTERNAL DEVICE 
TO EXTERNAL 
MEMORY) 

RD 

(EXTERNAL 
MEMORY TO 
EXTERNAL DEVICE) 



tDGWRL 



1 



tDGRDL 



"tDGWRR -* 



f 



ADDRESS 
SW, MS X 



""MEMORY READ - BUS MASTER," "MEMORY WRITE - BUS M ASTER" AND "SYNCHRONOUS READ/WRITE - BUS MASTER" 
TIMING SPECIFICATIONS FOR ADDR31-0, RD, WR, SW, MS3-0 AND ACK ALSO APPLY HERE. 



Figure 20. DMA Handshake Timing 
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Serial Ports 



Parameter 



Min 



Max 



External Clock 

Timing Requirements: 

t SFSE TFS/RFS Setup BeforeTCLK/RCLK 1 

t HF 5E TFS/RFS Hold After TCLK/RCLK 12 

t SDRE Receive Data Setup Before RCLK 1 

t HD RE Receive Data Hold After RCLK 1 

t S cLKw TCLK/RCLK Width 

t S cLK TCLK/RCLK Period 

Internal Clock 

Timing Requirements: 

tspsi TFS Setup Before TCLK 1 ; RFS Setup Before RCLK 1 

tHFsi TFS/RFS Hold After TCLK/RCLK 1 ' 2 

tsDRi Receive Data Setup Before RCLK 1 

t H dri Receive Data Hold After RCLK 1 

External or Internal Clock 

Switching Characteristics: 

t DF5E RFS Delay After RCLK (Internally Generated RFS) 3 

t H0 FSE RFS Hold After RCLK (Internally Generated RFS) 3 

External Clock 

Switching Characteristics: 

t DF5E TFS Delay After TCLK (Internally Generated TFS) 3 

tHOFSE TFS Hold AfterTCLK (Internally Generated T FS) 3 

t DDTE Transmit Data Delay After TCLK 3 

t H0 DTE T ransmit D ata H old After TCLK 3 

Internal Clock 

Switching Characteristics: 

tn F <;i TFS Delay After TCLK (Internally Generated TFS) 3 



t: 



TFS Hold AfterTCLK (I nternally Generated T FS) 3 
Transmit Data Delay After TCLK 3 
T ransmit D ata Hold After TCLK 3 
TCLK/RCLK Width 



L DFSI 
HOFSI 
^DDTI 
DTI 
tsCLKIW 

Enable & Three- State 

Switching Characteristics: 

t DDTEN Data Enable from External TCLK 3 

t DDTTE Data Disable from External TCLK 3 

t DDT | N Data Enable from Internal TCLK 3 

t DDTT | Data Disable from Internal TCLK 3 

t DCLK TCLK/RCLK Delayfrom CLKIN 

t DPTR SPORT Disable After CLKIN 

External Late Frame Sync 

Switching Characteristics: 

tDDTLFSE Data Delayfrom Late External TFS or 

External RFS with MCE = 1, M FD = 4 



t. 



D DT EN FS 



Data Enable from late FS or M CE = 1, M FD = 4 



3.5 
4 

1.5 

4 

9 

tcK 



3 
5 

-1.5 


(tscLK/2) - 2.5 

4.5 




13 

13 
16 

4.5 
7.5 

(tscL K /2)+2.5 
10.5 



22 + 3DT/8 
17 



12 



3.5 



To determine whether communication is possible between two devices at clock speed n, the following specifications must be confirmed: 1) frame sync delay and frame 
sync setup and hold, 2) data delay and data setup and hold, and 3) SCLK width. 

NOTES 

Referenced to sample edge. 

2 RFS hold after RCK when MCE =1, MFD = 0is0ns minimum from drive edge. TFS hold after TCK for late external. TFS is ns minimum from drive edge. 
Referenced to drive edge. 

4 M CE = 1, TFS enable and TFS valid follow t DDTLF5E and t DDTENFS . 
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EXTERNAL RFS WITH MCE = 1, MFD = 

DRIVE SAMPLE 
RCLK / 



sfse;i " 



0( 



1ST BIT 



DRIVE 

Jr 



X 



tDDTE/l 

" ' hdte;i — 



LATE EXTERNAL TFS 

DRIVE 

TCLK / 



SAMPLE 



3C 



0( 



1ST BIT 



DRIVE 

Jr 



s 



Figure 21. External Late Frame Sync 
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DATA RECEIVE- INTERNAL CLOCK 

DRIVE SAMPLE 
EDGE EDGE 



DATA RECEIVE- EXTERNAL CLOCK 

DRIVE SAMPLE 
EDGE EDGE 



RCLK 



RFS 









* tsCLKIW * 


1 


t ) 


< 




— Idf 

*HOFSE 


5E ► 


— t SFS l 


* *HFSI *" 




} 


000 


1 


\ 

/ 


(XXX 






tsDRI 


"*tHDRI*' 




XXX? 


( > 


(XXX 



RCLK 



X 



RFS 



DR 





■* — t DF 

Ihofse 


3E ► 


* *SFSE 


■*-t H FSE-»- 






m 


l_ 


) 


(XXX 






*< tsDRE 


■*-t H DRE-»- 




XXX) 


i ) 


(XXX 



NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK, TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE. 



DATA TRANSMIT- INTERNAL CLOCK 

DRIVE SAMPLE 
EDGE EDGE 



TCLK 



TFS 



DT 



DATA TRANSMIT- EXTERNAL CLOCK 

DRIVE SAMPLE 
EDGE EDGE 





* tsCLKIW * 




) 


t ) 


( 




- t D 

thHOFSI 


FSI — *• 


< t SFS | 


* tHFSI *■ 






oxx> 


( xxxx 




^'hdti^ 


DTI — 




\ 


000 


( wt 



TCLK 



TFS 



zx 



tHDTE 



DT 



-tHFSE-H 



1 



NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK, TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE. 



DRIVE 
EDGE 



TCLK (EXT) 
TFS ("LATE" EXT) 




tDDTEN 



TCLK / RCLK 



DRIVE 
EDGE 



3C 



DRIVE 
EDGE 



TCLK (INT) ][_ 
TFS ("LATE", INT) 



DT 



TCLK / RCLK 



DRIVE 
EDGE 



CLKIN 



TCLK, RCLK SPORT DISABLE DELAY 
TFS, RFS, DT FROM INSTRUCTION 



TCLK (INT) 
RCLK (INT) 



[♦•dclk^ 



>- 



-L 



SPORT ENABLE AND 

THREE-STATE 

LATENCY 

IS TWO CYCLES 



LOW TO HIGH ONLY 

Figure 22. Serial Ports 
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JTAG Test Access Port and E mulation 


Parameter 


Min 


Max 


Units 


Timing Requirements: 








t TCK TCK Period 






ns 


t STAP TDI, TM S Setup Before TCK High 


5 




ns 


t TniTMQHnlHA ftor TTIC H inh 

*-h t A p i u i, m v i j n uiu m iici i ^ i\ n iyn 


D 




ns 


t SSYS System Inputs Setup BeforeTCK Low 1 


7 




ns 


t HSYS System Inputs H old After TCK Low 1 


18 




ns 


t TRSTW TRST Pulse Width 


4t CK 




ns 


Switching Characteristics: 








t DTD0 TDO Delay from TCK Low 




13 


ns 


t DSYS System Outputs Delay After TCK Low 2 




18.5 


ns 



FLAG 3 . , DRO, DR1, 



NOTES __ 

'System Inputs = DAT A 47 . , ADD R 31 . , RD, WR, ACK , SBTS, SW, HBR, HBG, CS , DMA R1, DM AR2, BRs .;, I D z . , RPBA, IRQ 2 . , 
TCLKO, TCLK1, RCLKO, RCLK1, TFSO, TFS1, RFSO, RFS1, EBOOT, LBOOT, BMS, CL KIN, RESET. 

2 System Outputs = DAT A 47 . , ADD R 31 . , MS 3 . , RD, WR, ACK, PAGE , ADR CLK, SW, HBG, REDY, DMAG1, DMAG2, BR^, CPA, FLAG 3 . , TIM EXP, DTO, 
DTI, TCLKO, TCLK1, RCLKO, RCLK 1, TFSO, TFS1, RFSO, RFS1, BMS. 
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OUTPUT DRIVE CURRENTS 

F igure 23 shows typical I -V characteristics for the output drivers 
of the ADSP-21061. The curves represent the current drive 
capability of the output drivers as a function of output voltage. 
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0.75 1.50 2.25 3.00 3.75 4.50 5.25 
SOURCE VOLTAGE - V 

Figure 24. Typical Drive Currents 
POWER DISSIPATION 

Total power dissipation has two components, one due to inter- 
nal circuitry and one due to the switching of external output 
drivers. I nternal power dissipation is dependent on the instruc- 
tion execution sequence and the data operands involved. Inter- 
nal power dissipation is calculated in the following way: 

Pint = I ddin x V dd 
T he external component of total power dissipation is caused by 
the switching of output pins. Its magnitude depends on: 

- the number of output pins that switch during each cycle (0) 

- the maximum frequency at which they can switch (f) 

- their load capacitance (C ) 

- their voltage swing (V DD ) 

and is calculated by: 

P EXT = xC xV DD 2 xf 

T he load capacitance should include the processor's package 
capacitance (C| N ). The switching frequency includes driving the 
load high and then back low. Address and data pins can drive 
high and low at a maximum rate of l/(2tc<)- The write strobe 
can switch every cycle at a frequency of lyt C K- Select pins switch 
at l/(2tt K ). but selects can switch on each cycle. 

Example: 

Estimate P EX t with the following assumptions: 

- A system with one bank of external data memory RAM (32-bit) 

- Four 128K x8 RAM chips are used, each with a load of 10 pF 

- External data memory writes occur every other cycle, a rate 
of l/(4t CK ), with 50% of the pins switching 

- T he instruction cycle rate is 40 M H z (tt K = 25 ns) and V DD = 
5.0 V. 



TheP ext equation is calculated for each class of pins that can 
drive: 



Pin 


#of 


% 










Type 


Pins 


Switching 


xC 


xf 


xV DD 2 


- Pext 


Address 


15 


50 


x 44.2 pF 


xlOMHz 


x25V 


= 0.084 W 


MSO 


1 





x 44.2 pF 


x 10 M Hz 


x25V 


= 0.000 W 


WR 


1 




x 44.2 pF 


x20 MHz 


x25 V 


= 0.022 W 


Data 


32 


50 


x 14.7 pF 


xlOMHz 


x25V 


= 0.059 W 


ADDRCLK 


1 




x4.7pF 


x40MHz 


x25 V 


= 0.005 W 



P EXT =0.170 W 



A typical power consumption can now be calculated for these 
conditions by adding a typical internal power dissipation: 

Ptotal = Pext + 0ddinx5.0V ) 
N ote that the conditions causing a worst-case P E xt are different 
from those causing a worst-case Pint- M aximum P !NT cannot 
occur while 100% of the output pins are switching from all ones 
to all zeros. Also note that it is not common for an application to 
have 100% or even 50% of the outputs switching simultaneously. 

TEST CONDITIONS 
Output DisableTime 

utput pins are considered to be disabled when they stop driv- 
ing, go into a high impedance state and start to decay from their 
output high or low voltage. T he time for the voltage on the bus 
to decay by AV is dependent on the capacitive load, C L and the 
load current, I L . This decay time can be approximated by the 
following equation: 

c L AV 

tDECAY = — j 

I L 

T he output disable time t ms is the difference between t MEASURED 
and t DE cAY as shown in F igure 24. The time t ME AsuRED is the 
interval from when the reference signal switches to when the 
output voltage decays AV from the measured output high or 
output low voltage. t DE cAY is calculated with test loads C L and 
I L , and with AV equal to 0.5 V. 

Output Enable Time 

utput pins are considered to be enabled when they have made 
a transition from a high impedance state to when they start driv- 
ing. T he output enable time t ENA is the interval from when a ref- 
erence signal reaches a high or low voltage level to when the 
output has reached a specified high or low trip point, as shown 
in the Output Enable/D isable diagram (Figure 24). If multiple 
pins (such as the data bus) are enabled, the measurement value 
is that of the first pin to start driving. 
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System Hold Time Calculation 

T o determine the data output hold time in a particular system, 
first calculate t DE cAY using the equation given above. Choose AV 
to be the difference between the ADSP-21061's output voltage 
and the input threshold for the device requiring the hold time. A 
typical AV will be 0.4 V. C L is the total bus capacitance (per 
data line), and l L is the total leakage or three-state current (per 
data line). T he hold time will be t DE cAY plus the minimum dis- 
able time (i.e., t DAT rwh for the write cycle). 



~\ r 

REFERENCE V 
SIGNAL A 



tpis 

V OH (MEASURED) - 
OUTPUT 



V OL (MEASURED) 



V OH (MEASURED) - AV 



V OL (MEASURED) + AV 
' ^DECAY 



OUTPUT STOPS 
DRIVING 



2.0V -. * 
1.0V \ 



"OH (MEASURED) 



V OL (MEASURED) 



OUTPUT STARTS 
DRIVING 



HIGH-IMPEDANCE STATE. 
TEST CONDITIONS CAUSE 
THIS VOLTAGE TO BE 
APPROXIMATELY 1.5V 



Figure 25. Output Enable/Disable 




O +1-5V 



Figure 26. Equivalent Device Loading for AC Measure- 
ments (Includes All Fixtures) 



INPUT OR 
OUTPUT 



y 



1.5V 



Figure 27. Voltage Reference Levels for AC Measure- 
ments (Except Output Enable/Disable) 

C apaciti ve L oadi ng 

Output delays and holds are based on standard capacitive loads: 
50 pF on all pins (see F igure 26). T he delay and hold specifica- 
tions given should be derated by a factor of 1.5 ns/50 pF for 
loads other than the nominal value of 50 pF . F igures 28 shows 
how output rise time varies with capacitance. Figure 309 shows 
graphically how output delays and holds vary with load capaci- 
tance. (N ote that this graph or derating does not apply to output 
disable delays; see the previous section "Output Disable Time" 
under "Test Conditions.") The graphs of Figures 28, 29 and 30 
may not be linear outside the ranges shown. 
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Figure 28. Typical Output Rise Time (10%-90% V DD ) vs. 
Load Capacitance 
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Figure 29. Typical Output Rise Time (0.8 V -2.0 V) vs. 
Load Capacitance 




75 100 125 150 
LOAD CAPACITANCE - pF 



Figure 30. Typical Output Delay or Hold vs. Load Capaci- 
tance (at Maximum Case Temperature) (V DD =5 V) 
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ENVIRONMENTAL CONDITIONS 
Thermal Characteristics 

TheADSP-21061 is packaged in a 240-lead thermally enhanced 
PQFP. The top surface of the package contains a copper slug 
from which most of the die heat is dissipated. T he slug is flush 
with the top surface of the package. N ote that the copper slug is 
internally connected to G N D through the device substrate. 
The ADSP-2106x is specified for a case temperature (T C ase)- 
T o ensure that T case is not exceeded, a heat sink and/or an air 
flow source may be used. A heat sink should be attached with a 
thermal adhesive. 

Tcase =T AMB + ( PD x6> CA ) 

Tcase = Case temperature (measured on top surface of package) 

PD = Power dissipation in W (this value depends upon the 
specific application; a method for calculating PD is 
shown under "Power Dissipation") 

6 JA = 0.3°C 



Airflow 












(Linear Ft/Min.) 





100 


200 


400 


600 


e CA (°c/w) 


10 


4 


8 


7 


6 



NOTES 

This represents thermal resistance at total power of 5 W. With air flow, no vari- 
ance is seen in e CA with power. 

6ca at LFM varies with power: At 2 W, 6 CA = 14°C/W, at 3 W e CA = 
11 °C/W. 
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240-LEAD METRIC PQFP PIN CONFIGURATIONS 




THE 240 LEAD PACKAGE CONTAINS A COPPER HEAT SLUG FLUSH WITH 
ITS TOP SURFACE. THE SLUG IS INTERNALLY CONNECTED TO GROUND. 



Din 
mi 


Din 
rill 


Pin 


Pin 


Pin 


Pin 


Pin 


Pin 


Pin 


Pin 


Din 
nil 


Din 
rill 


Ma 
IMUi 


NdrtiG 


NO. 


Name 


NO. 


Name 


No. 


Name 


No. 


Name 


K 1 _ 

NO. 


Name 


1 


TDI 


41 


ADDR20 


81 


TCLK0 


121 


DATA41 


161 


DATA14 


201 


NC 


2 


TRST 


42 


ADDR21 


82 


TFS0 


122 


DATA40 


162 


DATA13 


202 


NC 


3 


VDD 


43 


GND 


83 


DR0 


123 


DATA39 


163 


DATA12 


203 


NC 


4 


TDO 


44 


ADDR22 


84 


RCLK0 


124 


VDD 


164 


GND 


204 


NC 


5 


TIM EXP 


45 


ADDR23 


85 


RFS0 


125 


DATA38 


165 


DATA11 


205 


VDD 


6 


EMU 


46 


ADDR24 


86 


VDD 


126 


DATA37 


166 


DATA10 


206 


NC 


7 


ICSA 


47 


VDD 


87 


VDD 


127 


DATA36 


167 


DATA9 


207 


NC 


8 


FLAG3 


48 


GND 


88 


GND 


128 


GND 


168 


VDD 


208 


NC 


9 


FLAG2 


49 


VDD 


89 


ADRCLK 


129 


NC 


169 


DATA8 


209 


NC 


10 


F LAG 1 


50 


ADDR25 


90 


REDY 


130 


DATA35 


170 


DATA7 


210 


NC 


11 


FLAG0 


51 


ADDR26 


91 


HBG 


131 


DATA34 


171 


DATA6 


211 


NC 


12 


GND 


52 


ADDR27 


92 


CS 


132 


DATA33 


172 


GND 


212 


GND 


13 


ADDR0 


53 


GND 


93 


RD 


133 


VDD 


173 


DATA5 


213 


NC 


14 


ADDR1 


C A 

54 


MS3 


94 


WR 


134 


VDD 


174 


DATA4 


214 


N C 


15 


VDD 


55 


MS2 


95 


GND 


135 


GND 


175 


DATA3 


215 


NC 


16 


ADDR2 


56 


MSI 


96 


VDD 


136 


DATA32 


176 


VDD 


216 


NC 


17 


ADDR3 


57 


MSO 


97 


GND 


137 


DATA31 


177 


DATA2 


217 


NC 


18 


ADDR4 


58 


SW 


98 


CLKIN 


138 


DATA30 


178 


DATA1 


218 


NC 


19 


GND 


59 


BMS 


99 


AC K 


139 


GND 


179 


DATA0 


219 


VDD 


20 


ADDR5 


60 


ADDR28 


100 


DMAG2 


140 


DATA29 


180 


GND 


220 


GND 


21 


ADDR6 


61 


GND 


101 


DMAG1 


141 


DATA28 


181 


GND 


221 


VDD 


22 


ADDR7 


62 


VDD 


102 


PAGE 


142 


DATA27 


182 


NC 


222 


NC 


23 


VDD 


63 


VDD 


103 


VDD 


143 


VDD 


183 


NC 


223 


NC 


24 


ADDR8 


64 


ADDR29 


104 


BR6 


144 


VDD 


184 


NC 


224 


NC 


25 


ADDR9 


65 


ADDR30 


105 


BR5 


145 
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ADSP- 21061 



PACKAGE DIMENSIONS 

D imensions shown in inches and (mm) 

240- Lead Metric PQFP 



0.161 (4.10) 
MAX 



0.030 (0.75) 
0.024 (0.60) TYP ' K 
0.020 (0.50) ♦ | 

SEATING ^ 5 
PLANE 



LEAD PITCH l jj 
0.01969 (0.50):* I 
TYP f 3 



LEAD WIDTH 
0.011 (0.27) 
0.009 (0.22) TYP = 
0.007(0.17) 



240 

1 s 



(0.10) _M 
Max 



0.004 



0.010(0.25) i 
MIN~^ 



1.372(34.85) 

- 1.362 (34.60) TYP SQ - 
1.352 (34.35) 

1.264 (32.10) 

- 1.260 (32.00) TYP SQ - 
1.256 (31.90) 

1.165 (29.60) 

- 1.161 (29.50) TYP SQ - 
1.157 (29.40) 



240 LEAD METRIC PQFP 
TOP VIEW (PINS DOWN) 




INCHES (MILLIMETERS) 



m 

U 



THE THERMALLY ENHANCED PQFP PACKAGE CONTAINS A 
COPPER HEAT SLUG FLUSH WITH ITS TOP SURFACE; THE 
0.138 (3.50) SLUG IS INTERNALLY CONNECTED TO GROUND. THE HEAT 

0.134 (3.40 ) TYP SLUG DIAMETER IS 24.1 (0.949) mm. 
0.130 (3.30) 

NOTE: 

THE ACTUAL POSITION OF EACH LEAD IS WITHIN (0.08) 
0.0032 FROM ITS IDEAL POSITION WHEN MEASURED IN THE 
LATERAL DIRECTION. 

CENTER FIGURES ARE TYPICAL UNLESS OTHERWISE NOTED 



ORDERING GUIDE 



Part Number* 


Case Temperature Range 


Instruction Rate 


On-Chip SRAM 


Operating Voltage 


ADSP-21061KS-133 


0°C to +85°C 


33 M Hz 


1 M bit 


5V 


ADSP-21061KS-160 


0°C to +85°C 


40 M Hz 


1 M bit 


5V 


ADSP-21061KS-200X 


0°C to +85°C 


50 M Hz 


1 M bit 


5V 



< 

zi 
z 
a 

LU 
I- 

z. 
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